We tested the hypothesis that interleukin 1 (IL-1) mediates intra-amniotic lipopolysaccharide (LPS)-induced chorioamnionitis in preterm fetal sheep. Time-mated Merino ewes with singleton fetuses received IL-1a, LPS, or saline (control) by intra-amniotic injection 1 to 2 days before operative delivery at 124 + 1 days gestational age (N ¼ 5-9/group; term ¼ 150 days). Recombinant human IL-1 receptor antagonist (rhIL-1ra) was given into the amniotic fluid 3 hours before intra-amniotic LPS or saline to block IL-1 signaling. Inflammation in the chorioamnion was determined by histology, cytokine messenger RNA (mRNA), protein expression, and by quantitation of activated inflammatory cells. Intra-amniotic IL-1 and LPS both induced chorioamnionitis. However, IL-1 blockade with IL-1ra did not decrease intra-amniotic LPS-induced increases in pro-inflammatory cytokine mRNAs, numbers of inflammatory cells, myeloperoxidase, or monocyte chemotactic protein-1-expressing cells in the chorioamnion. We conclude that IL-1 and LPS both can cause chorioamnionitis, but IL-1 is not an important mediator of LPS-induced chorioamnionitis in fetal sheep.
Introduction
Chorioamnionitis, defined as inflammation of the fetal membranes, complicates up to 70% of preterm deliveries before 30 weeks of gestation. 1 The epidemiological associations of chorioamnionitis are fetal inflammation, 2,3 a decreased incidence of respiratory distress syndrome, 4, 5 and an increased risk of brain injury, necrotizing enterocolitis, and bronchopulmonary dysplasia. 2, [5] [6] [7] Although multiple inflammatory cytokines and chemokines are increased in amniotic fluid with chorioamnionitis, interleukin 1 (IL-1) is postulated to play a central role in the progression of preterm labor and of the fetal inflammatory response. 1, 8 The hierarchy of activation cascade of the cytokines and other mediators in inflammatory conditions including chorioamnionitis remain to be defined. Broadly speaking, 2 classes of inflammatory agents exist: exogenous or microbial components and endogenous pro-inflammatory signals (also called as sterile inflammation). 9 Microbial components can also activate endogenous pro-inflammatory ligands. Recent studies demonstrate that IL-1 signaling is critically required to mediate inflammation induced by a variety of endogenous proinflammatory ligands for example uric acid, adenosine triphosphate (ATP), reactive oxygen species, heat-shock proteins, and others. 10 The normally cell-associated IL-1a is one of the common final pathways mediating inflammation in response to cellular necrosis. 11 The importance of IL-1 in diverse diseases is highlighted by the use of IL-1 receptor antagonist in rheumatoid arthritis, gout, type II diabetes, and a group of multisystem inflammatory diseases. [12] [13] [14] Elevated levels of IL-1 are detected in the amniotic fluid of women with chorioamnionitis 15, 16 and IL-1 as well as IL-1 receptor antagonist (IL-1ra) are colocalized in the placenta of both normal and inflamed placentas. 17 In primates, intra-amniotic IL-1b induced preterm labor, 18 and anti-inflammatory therapy (betamethasome, indomethacin, or IL-10) blocked IL-1b-mediated uterine contractions. 19, 20 In mice, IL-1 and tumor necrosis factor (TNF) receptors are necessary for preterm labor induced with heat-killed Escherichia coli. 21 Intra-amniotic injection of IL-1a or IL-1b causes lung inflammation but not preterm labor in sheep. 22 These observations in the human and experimental models reinforce the notion that IL-1 is a central mediator in the pathogenesis of chorioamnionitis and its associated inflammatory responses.
In fetal sheep, intra-amniotic injection of lipopolysaccharide (LPS) causes chorioamnionitis, lung inflammation, and systemic inflammation, 23, 24 mimicking human pathology. Intra-amniotic LPS greatly induces IL-1b expression in the chorioamnion and fetal lung. 23 Inhibition of IL-1 signaling decreases LPS-induced lung and systemic inflammation in the preterm sheep. 24 We therefore hypothesized that IL-1 is an important mediator of intra-amniotic LPS-induced inflammation in the chorioamnion. We used both gain of function and loss of function strategies to test the hypothesis. Recombinant sheep IL-1a was given by intra-amniotic injection. In separate experiments using intra-amniotic LPS as the pro-inflammatory agonist, the IL-1 receptor was blocked with recombinant human IL-1 receptor antagonist (rhIL-1ra), which inhibits both IL-1a and IL-1b signaling. 25 Inflammatory markers and cytokines were assessed in the fetal membranes and amniotic fluid.
Materials and Methods

Animals, Intra-Amniotic Injections
All animals were studied in Western Australia with approval from the animal ethics/care and use committees of the Cincinnati Children's Hospital, OH and the University of Western Australia. In separate protocols, time-mated Merino ewes with singleton fetuses were randomly assigned to groups of 5 to 9 animals, to receive by intra-amniotic injections: (a) Recombinant sheep IL-1a 100 mg (Protein Express, Cincinnati, Ohio) 22 or (b) LPS (Escherichia coli 055:B5; Sigma, St. Louis, Missouri) 10 mg, or an equivalent 2 mL volume of saline (control). Interleukin 1-injected animals were surgically delivered 1 day and 2 days after injection and LPS or rhIL-1ra þ LPSinjected animals were delivered 2 days after injection at 124 + 1 days gestational age. All injections were given by the intra-amniotic route using ultrasound guidance and after verification of the amniotic compartment by fluid electrolyte analysis of aspirated samples. 26 The ewes were killed with a penetrating captive bolt or heavily anesthetized with an intravenous injection of ketamine (12 mg/kg) and medetomidine (0.12 mg/kg) followed by a spinal injection of 2% lignocaine hydrochloride (60 mg, 3 mL). The fetus was then surgically delivered via a caesarean section. At delivery, rolls of fetal chorioamnion membranes were snap-frozen for RNA analysis and a roll was fixed in 10% buffered formalin (pH 7.4) for histology. Amniotic fluid was snap-frozen for cell analysis and cytokine proteins.
Recombinant Human IL-1 Receptor Antagonist
During an initial dose finding experiment, the rhIL-1ra injection dose was 20 mg intra-amnioticþ 20 mg fetal intramuscular ( Figure 1 ). Fetal intravenous administration used doses ranging from 50 to 200 mg. 24 In contrast to the plasma, the half-life of rhIL-1ra was about 3-fold longer in the amniotic fluid after an intra-amniotic injection (online section of the article 24 ). Since fetal systemic injection of the inhibitor with rapid clearance resulted in low inhibitor levels, a higher dose and the intra-amniotic-only route was used for the definitive experiments. To block IL-1 signaling, and to ensure adequate time for the antagonist to bind the IL-1 receptor, 100 mg rhIL-1ra was injected into the amniotic fluid 3 hours before intra-amniotic LPS or saline. The tissues from the LPS only and the LPS þ rhIL-1ra animals in the present study were from animals in which we reported efficacy of rhIL-1ra in the lung and systemic compartments, 24 while the IL-1-only exposed animals, and some controls are previously unreported.
Cytokine messenger RNA Quantitation
Total RNA was isolated from the frozen chorioamnion samples using a modified Chomzynski method. 23 The quantitations of messenger RNA (mRNA) for animals exposed to IL-1 were performed using real-time polymerized chain reaction (PCR). The mRNA was reverse transcribed to yield a single-strand complementary DNA (cDNA), which was used as a template with primers and Taqman probes (Applied Biosystems, Carlsbad, California) specific to sheep sequences. The values for each cytokine were normalized to the internal 18S ribosomal RNA (rRNA) value. Final expression data were represented as fold increase over the control value.
Amniotic Fluid Protein Analysis
Cytokine protein quantification was performed using a sandwich enzyme-linked-immunosorbent assay (ELISA) assay as described. 27, 28 The following antibody sets were used: for IL-1b (coating antibody-rabbit anti-ovine IL-1b and primary antibody guinea pig anti-ovine IL-1b [Seven Hills Bioreagents, Cincinnati, Ohio]), IL-6 (coating antibody-mouse anti-ovine IL-6 [Chemicon # MAB1004] and primary antibody rabbit anti-ovine IL-6 [Chemicon #AB1839]), IL-8 (coating antibody-mouse anti-ovine IL-8 [Chemicon # MAB10445] and primary antibody rabbit anti-ovine IL-8 [Chemicon # AB1840]), monocyte chemotactic protein-1 (MCP-1; rabbit anti-sheep MCP-1 coating antibody, and primary antibody guinea pig anti-sheep MCP-1 detection antibody [Seven Hills Bioreagents]). The detection antibody in all the assays was an appropriate species-specific HRP-conjugated antibody. The lowest detection limits of this assay (dynamic range) was IL-1b-0.195 ng/mL (0.195-12.5 ng/mL), IL-6-0.195 ng/mL (0.195-12.5 ng/mL), IL-8-0.39 ng/mL (0.39-25 ng/mL), and MCP-1 0.1 ng/mL (0.1-80 ng/mL). The correlation coefficient was 0.94-0.99 for all assays.
Immunohistochemistry and Scoring of Inflammation
Amniotic fluid cytospins were stained by DiffQuick and inflammatory cell differential counts were performed using a hemocytometer. Inflammatory cells in the fetal membranes were quantified using hematoxylin and eosin (H&E)-stained sections and by immunohistochemistry for markers of inflammatory cell activation. Briefly, formalin was removed from the fixed tissue within 48 hours by washing in phosphate buffered saline (pH 7.4) and then transferred to 70% ethanol and embedded in paraffin. Sections were cut (5 mm), then deparaffinized and rehydrated, and antigen-retrieval was carried out using citric acid buffer, pH 6.0 with microwave boiling. Endogenous peroxidase activity was blocked with methyl alcohol/ hydrogen peroxide. Nonspecific binding was inhibited with 2% goat serum during both primary and secondary antibody incubation. Sections were incubated with antimyeloperoxidase (MPO) antibody (Cell marque, Rocklin, California, catalogue # CMC028; 1:400) or a guinea-pig polyclonal anti-MCP-1 (1:1000) antibody generated at our institution (Seven Hills Bioreagents). Following incubation with the primary antibody at 4 C overnight, sections were incubated with the appropriate secondary antibody for 30 minutes at room temperature (1:200). Immunostaining was visualized using a Vectastain ABC peroxidase Elite kit to detect the antigen: antibody complexes (Vector Laboratories Inc, Burlingame, CA). Antigen detection was enhanced with nickel-diaminobenzidine, followed by incubation with TRIS-cobalt to give a black precipitate. Nuclei were counterstained with Nuclear Fast Red for photomicroscopy. Blind scoring of inflammation in the chorioamnion was done by counting MCP-1 or MPO-positive inflammatory cells in 10 comparable nonoverlapping highpower fields of each animal.
Data Analysis
Results are given as mean + SEM. Comparisons between 3 or more groups were performed by analyses of variance with Student-Newman-Keuls tests used for post hoc analyses. Comparison of 2 groups was done by a nonparametric t-test (Mann-Whitney U-test) for data not distributed normally and with a student t-test for normally distributed data. Statistical significance was accepted at P < .05. 
Results
Interleukin 1 Induced Chorioamnionitis
Within 1 day of intra-amniotic IL-1 exposure, the inflammatory cell counts in the amniotic fluid increased (7.3 Â 10 5 + 2.1 Â 10 5 /mL vs 0.3 Â 10 5 + 0.08 Â 10 5 /mL in controls, P < .05). While the controls had no neutrophils, 77% of the cells in the IL-1 exposed fetuses were neutrophils (Figure 2a and b). Consistent with the inflammatory cell recruitment in the IL-1-exposed fetal chorioamnion, IL-1b, IL-6, IL-8, and MCP-1 mRNA increased (9-to 70-fold; Figure 2c ). Interestingly, IL-1b and IL-6 protein levels did not increase in the amniotic fluid, however IL-8 protein increased from 0.07 + 0.07 ng/mL in controls to 44 + 7 ng/mL in IL-1 exposed fetuses. MCP-1 protein tended to increase from levels of 16.6 + 6.7 ng/mL in controls to 56.7 + 15.1 ng/mL in IL-1-exposed animals (P ¼ .09; Figure 2d ). At 2 days after intra-amniotic IL-1a, cytokine mRNAs in the chorioamnion for IL-1b, IL-6 and MCP-1 remained increased compared to controls (Figure 1a, b, d ). However, IL-8 mRNA returned to control levels (Figure 1c ).
Recombinant human IL-1 receptor antagonist Inhibited Intra-Amniotic IL-1a-Induced Increases in Chorioamnion Cytokine mRNAs
In our previous study of IL-1 blockade, the biological efficacy of the dose and route of administration of rhIL-1ra in the sheep was verified by demonstrating that the same lot and dosage of rhIL-1ra completely inhibited intra-amniotic IL-1a-induced lung and systemic inflammation. Further, the 50 mg rhIL-1ra dose effectively prevented intravascular IL-1a-induced mortality (reported in the online section of reference 24). To understand pharmacodynamic availability of rhIL-1ra and to evaluate efficacy in the chorioamnion, we analyzed cytokine mRNAs in the chorioamnion after intra-amniotic IL-1a, 2 days later using animals previously evaluated for lung inflammation. 24 In contrast to the increased cytokine mRNAs after IL-1 exposure only, the mRNAs for IL-1b, IL-6, IL-8, and MCP-1 after the combined rhIL-1ra þ IL-1 exposure at 2 days were no different from controls (Figure 1a-d) . While IL-1b mRNA in the rhIL-1ra þ IL-1 animals was significantly lower compared to IL-1-only animals (Figure 1a ), the decreases for IL-6 and MCP-1 (Figure 1b and d ) did not achieve statistical significance, most likely because of small numbers of animals used in the dose-finding/efficacy study.
Recombinant human IL-1 Receptor Antagonist Did Not Inhibit Intra-Amniotic LPS-Induced Inflammatory Cytokine Expression in the Chorioamnion
We previously demonstrated that cytokine mRNA expression in the fetal chorioamnion was the highest 5 to 15 hours after intra-amniotic LPS with expression returning to baseline values 4 days later. 23 In this study, with measurements made 2 days after LPS exposure, intra-amniotic LPS increased IL-1b mRNA (110-fold), IL-6 mRNA (18-fold), IL-8 mRNA (860-fold), and MCP-1 mRNA (356-fold; Figure 3a-d) . Intraamniotic LPS also increased the acute-phase reactant serum amyloid A3 (SAA3) mRNA 92 + 28-fold (P ¼ .06). Pretreatment with rhIL-1ra did not significantly inhibit cytokine or acute phase reactant mRNA expression induced by LPS, and the inhibitor alone had no inflammatory effects.
Recombinant human IL-1 Receptor Antagonist Did Not Inhibit Intra-Amniotic LPS-Induced Inflammatory Cell Recruitment to the Chorioamnion
Next, we asked whether blockade of IL-1 reduced LPS-induced chorioamnionitis. Consistent with our previous results, 23 intraamniotic injection of LPS induced a 3-fold increase in inflammatory cells in the chorioamnion (Figure 4a ). Intra-amniotic rhIL-1ra given 3 hours prior to the intra-amniotic LPS did not change the LPS-induced recruitment of inflammatory cells to the chorioamnion. In contrast to the minimal matrix deposition beneath the amniotic epithelium in controls, LPS-exposed animals had increased subepithelial matrix and fibroblasts (compare Figure panels 4b with c) . A majority of the inflammatory cells had the morphologic appearance of neutrophils or monocytes. Intra-amniotic rhIL-1ra did not change the histological appearance of the chorioamnionitis induced by LPS (Figure 4d ). Consistent with the cytokine mRNA data, the inhibitor alone did not recruit inflammatory cells to the chorioamnion.
Recombinant human IL-1 Receptor Antagonist Did Not Inhibit Intra-Amniotic LPS-Induced Inflammatory Cell Activation in the Chorioamnion
Monocyte chemotactic protein-1 28 and MPO expression increase in activated inflammatory cells in fetal sheep. 29 We therefore evaluated the expression of these proteins by immunohistology. Lipopolysaccharide induced a 10-fold increase in MCP-1-expressing cells-primarily the monocytes ( Figure 5 ) and a 5-fold increase in MPO-positive cellspredominantly neutrophils ( Figure 6 ) in the chorioamnion. Pretreatment with intra-amniotic rhIL-1ra did not change the numbers of inflammatory cells expressing these activation markers induced by LPS, and the inhibitor alone did not increase MCP-1 or MPO expression. Interestingly, exposure to LPS did not increase expression of inducible nitric oxide synthase (iNOS; NOSII), another activation marker in the inflammatory cells (data not shown).
Discussion
We demonstrated that intra-amniotic injection of IL-1 was sufficient to cause chorioamnionitis. However, contrary to our Assessments were made 2 days after intra-amniotic injections. a, Quantitation of inflammatory cells in the chorioamnion. b-d, Representative photomicrographs of chorioamnion stained with hematoxylin and eosin in fetuses exposed to (b) saline (controls), (c) intra-amniotic LPS, or (d) LPS þ recombinant human IL-1 receptor antagonist (rhIL-1ra). The insets show a higher magnification of chorionic blood vessels. Exposure to LPS increased inflammatory cells (arrows) in the chorion, increased subepithelial mesenchyme thickness in the amnion, and induced vasculitis (chorion arteriolar thickness in inset). Inhibition of IL-1 signaling did not modify LPS-induced changes (n ¼ 4 animals/group; A indicates amnion; C ¼ chorion; Scale bar 50 mm; * P < .05 compared to controls).
hypothesis, IL-1 was not an important mediator of LPS-induced chorioamnionitis in the preterm fetal sheep model. Interleukin 1 receptor antagonist is an endogenous inhibitor of IL-1 signaling and the recombinant human IL-1ra (Anakinra) used in the present study is an approved antiinflammatory drug used for rheumatoid arthritis and other inflammatory conditions. [12] [13] [14] The intra-amniotic dose of rhIL-1ra used in the present study blocked IL-1 signaling, because the inhibitor effectively suppressed IL-1 induced increases in pro-inflammatory cytokine expression in the chorioamnion. The dosing regimen and the same lot of rhIL-1ra also completely blocked intra-amniotic IL-1-induced lung inflammation in the same animals. 24 Furthermore, intraamniotic rhIL-1ra effectively blocked intra-amniotic LPSinduced lung and systemic inflammation. 24 Therefore, the experiment is informative for interpreting the role of IL-1 signaling in LPS-induced chorioamnionitis. We did not analyze inflammation in the placenta, because we previously demonstrated that placental inflammation is not a part of the inflammatory response of fetal sheep to chorioamnionitis induced by intra-amniotic LPS. 23 Fetal inflammatory response syndrome (FIRS) in the human is a unique systemic inflammatory response defined as chorioamnionitis associated with cord plasma IL-6 levels more than 11 pg/mL. 2, 3 Unlike the ''cytokine storm'' causing multi-organ dysfunction associated with the systemic inflammatory response syndrome in the adults, 30 FIRS is a more subtle inflammatory response. Despite the modest inflammatory responses, FIRS was postulated to be the proximate cause of multiple adverse neonatal outcomes. 31 Since less than 2% of the preterm infants exposed to chorioamnionitis have early onset bacteremia, 32 systemic inflammation in the fetus must Figure 5 . Interleukin 1 (IL-1) signaling did not decrease lipopolysaccharide (LPS)-induced monocyte chemotactic protein-1 (MCP-1) expression in inflammatory cells in preterm fetal sheep. Assessments were made 2 days after intra-amniotic injections. a, Quantitation of MCP-1-expressing cells in the chorioamnion. b-d, Representative photomicrographs of chorioamnion immunostained with an anti-sheep MCP-1 antibody in fetuses exposed to (b) saline (controls), (c) intra-amniotic LPS, or (d) LPS þ recombinant human IL-1 receptor antagonist (rhIL-1ra). The insets in panels c and d show a higher magnification of inflammatory cells (note the monocytic morphology). Exposure to LPS increased MCP-1-expressing monocytes (arrow) in the chorion. Inhibition of IL-1 signaling did not modify LPS-induced changes (n ¼ 4 animals/group; A indicates amnion; C ¼ chorion; ND not detected; Scale bar 50 mm; * P < .05 compared to controls).
be initiated by inflammatory responses in the fetal organs in contact with infected amniotic fluid. Indeed, we and others have demonstrated that the fetal chorioamnion, lung, gut, and the skin contribute to the systemic inflammation induced by chorioamnionitis. [33] [34] [35] [36] We previously demonstrated that IL-1 signaling mediated most of the pulmonary inflammation and part of the systemic inflammation caused by intra-amniotic LPS. 24 Taken together, these reports along with the findings of the present study indicate that mechanisms underlying fetal inflammatory responses to chorioamnionitis can be different in different fetal organs. An implication of the study is that chorioamnionitis-induced FIRS may be variably modulated by inhibitors in different fetal organs.
Lipopolysaccharide signals via toll-like receptor 4 (TLR4) whereas IL-1 signals via IL-1R, but both agonists share similar intracellular signaling pathways. 37 Subsequent to TLR4 activation, an intracellular signaling cascade is activated culminating in the nuclear translocation and activation of NF-kB, which induces transcription of cytokines and other inflammatory genes. Several studies have examined the interactions between IL-1 and LPS signaling. Lipopolysaccharideinduced preterm labor in mice was not prevented by rhIL-1ra 38 or in IL-1b knockout mice. 39 Conversely, an IL-1 receptor antagonist reduced systemically administered LPS-induced lethality in adult rabbits and mice. 40, 41 In a preterm labor model induced by bacterial inoculation of uterine horns in mice, IL-1b signaling was not required but the combined signaling via IL-1b and TNFa receptors was necessary for initiation of preterm labor. 21, 42 In a nonhuman primate model, Sadowsky et al demonstrated that intra-amniotic infusions of IL-1b and TNFa, but not IL-6 or IL-8, induced preterm labor. 18 In preterm fetal sheep, we demonstrated that fetal inflammation induced by Figure 6 . Interleukin 1 (IL-1) signaling did not decrease lipopolysaccharide (LPS)-induced myeloperoxidase (MPO) expression in inflammatory cells in preterm fetal sheep. Assessments were made 2 days after intra-amniotic injections. a, Quantitation of MPO-expressing cells in the chorioamnion. b-d, Representative photomicrographs of chorioamnion immunostained with an anti-MPO antibody in fetuses exposed to (b) saline (controls), (c) intra-amniotic LPS, or (d) LPS þ recombinant human IL-1 receptor antagonist (rhIL-1ra). The insets in panels c and d show inflammatory cells at a higher magnification (note the neutrophil morphology in most cells). Exposure to LPS increased MPO expressing inflammatory cells (arrow) in the chorion. Inhibition of IL-1 signaling did not modify LPS-induced changes (n ¼ 4 animals/group; A indicates amnion; C ¼ chorion; Scale bar 50 mm; * P < .05 compared to controls). intra-amniotic LPS was greatly decreased by inhibition of IL-1 signaling, but not IL-8 signaling, 24, 27 and intra-amniotic TNFa did not induce fetal inflammation. 43 Lipopolysaccharide induced IL-1b expression in the inflammatory cells in the chorioamnion in fetal sheep. 44 Collectively, these studies along with the findings of the present experiment demonstrate that different inflammatory signals can initiate fetal inflammation and preterm labor in the setting of chorioamnionitis and that IL-1b can contribute to preterm labor but is not invariantly required to initiate preterm labor.
In addition to IL-1b, other cytokines contribute to the inflammatory response. Increased amniotic IL-17 and the presence of IL-17-positive cells were associated with more advanced chorioamnionitis in preterm deliveries. 45 Using a proteomic approach, Buhimschi et al 46 demonstrated that the innate immune proteins, defensins 1 and 2, and calgranulins A and C were bonafide biomarkers of fetal inflammation associated with intra-amniotic inflammation. Romero et al 47 demonstrated 39 unique (mostly previously unreported) proteomic ''fingerprints'' associated with chorioamnionitis and preterm labor. In a mouse model of preterm labor induced by intrauterine injection of LPS, proteomic discovery identified the acute phase reactants, SAA1 and 2, as consistently associated with preterm labor. 48 Lipopolysaccharide-induced SAA3 expression was not inhibited by rhIL-1ra in the chorioamnion in the present study, while previously we demonstrated that the liver but not lung expression of LPS-induced SAA3 expression was inhibited by rhIL-1ra. 24 These identify IL-1-dependent and independent pathways of fetal inflammation associated with chorioamnionitis.
Histopathological evaluation remains the cornerstone of the diagnosis of chorioamnionitis. The severity is based on the anatomic localization of the inflammatory cells (chorion vs. amnion), the numbers of inflammatory cells, and whether the umbilical cord inflammation is present. 49 However, predominance of neutrophils (diagnosed by morphologic criteria) is a prerequisite for the diagnosis of acute chorioamnionitis. 49 We also observed a predominance of neutrophils in the amniotic fluid or chorioamnion membrane after exposure to LPS and IL-1. Because of limited availability of antibodies for the sheep, a high-resolution evaluation of leukocyte subsets was not possible. Despite the limitation, expression of myeloperoxidase and MCP-1 in the inflammatory cells suggested activation of the inflammatory cells. 29 The use of these and other activation markers may be helpful in further exploring the associations of chorioamnionitis with outcomes in preterm infants.
In conclusion, IL-1 can cause chorioamnionitis but may not be an essential mediator of LPS-induced chorioamnionitis. These results have implications for the pathogenesis of fetal inflammatory response syndrome in infants exposed to chorioamnionitis.
